Background 27 Reliability and reproducibility of transcriptomics-based studies are highly dependent on the 28 integrity of RNA. Microfluidics-based techniques based on ribosomal RNA such as the RNA 29 Integrity Number (RIN) are currently the only approaches to evaluate RNA integrity. 30 However, it is not known if ribosomal RNA reflects the integrity of the meaningful part of the 31 sample, the mRNA. Here we test this assumption and present a new integrity index, the Ratio 32 amplicon, R amp , to monitor mRNA integrity based on the differential amplification of long to 33 short RT-Q-PCR amplicons of the glutamine synthetase A (glnA) transcript.
bacterial ammonia monooxygenase (amoA). Finally, the effect of RNA degradation on 151 transcript community structure was evaluated by amplicon sequencing of the cDNA obtained 152 from sequentially degraded samples. 153 We hypothesised that i) the R amp would be a better predictor of mRNA integrity than the RIN 154 and ii) RNA degradation would adversely affect both transcript quantification and community 155 composition. Surface mud samples (0 to 2 cm) were collected on 11/01/2017 from Rusheen Bay, Ireland 160 (53.2589° N, 9.1203° W) (presence of amoA genes/transcripts previously established [30, 31] 161 in sterile 50ml Eppendorf tubes, flash frozen and stored at -80°C until subsequent use. To design new primers, bacterial glnA sequences were downloaded from the GeneBank 165 database [32] . Sequences related to environmental bacteria were subjected to BLAST search 166 [33] in order to gather additional sequences. In total eighty-four sequences (Additional file 1) 167 were aligned using MUSCLE [34] and a phylogenetic neighbour joining tree was drawn in 168 MEGA 7 [35] . Based on sequence similarity, eight groups could be distinguished (see 169 Additional file 4: Figure S1 ). Primer sequences from Hurt and co-workers [15] were aligned 170 in each individual group to determine coverage and new primers ( To obtain RNA with controlled degradation status, DNA free RNA preparations (≈8µl) were 210 aliquoted from an initial extraction in separate 0.2ml RNase free tubes and incubated at 90°C 211 or under a UV lamp for 0, 10, 45 or 90 minutes. To determine the potential effect of repeated 212 freeze-thaw on RNA preparations, the same 15µl DNA-free RNA was exposed to cycles of 213 freezing (at -80°) and thawing (on ice) as follows -0, 1, 3, 5, 7 and 10 freeze-thaw cycles. 214 cDNA was then generated for each individual aliquot as described later. analysis was performed from 65°C to 95°C with 0.5°C increment every 5 sec.
261
The Ct value of each assay was recorded and the differential amplicon ratios (R amp ) were 262 calculated for each degradation point as follows:
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The value of 35 was chosen as the maximum number of Q-PCR cycles the reaction 265 underwent. A transformation of the differential amplicon was applied in order to have a 266 theoretical maximal value of 1 (no degradation of RNA) and a theoretical minimal value close 267 to 0 (totally degraded RNA). 
Results

375
Design and optimization of glnA primers 376 Three new forward glnA primers (GSFw1200, GSFw900 and GSFw800) were designed to 377 target a conserved region in groups 3, 4, 5, 7 and 8 of the glnA alignment (Additional file 4:
378 Figure S1 ) at a position ≈120 bp, ≈380bp and ≈500bp, respectively, in front (closer to the 5' 379 end of the gene) of an updated reverse primer from Hurt and co-workers named, GS1_new 380 primer. This resulted in three amplicon sizes to derive a ratio amplicon (R amp ) from ( Fig. 1 ).
381
The newly designed primers (Table 1) were optimised for PCR and RT-PCR resulting in 382 amplicons of the expected size for all primer pairs. Assays were subsequently optimised for 383 SYBR Green Q-PCR. All primers except for GSFw800, producing the 500 bp amplicon were 384 successfully optimised with diagnostic single peak melt curves. As such we proceeded with 385 two R amp ratio primer sets the R amp 380/120 and the R amp 380/170.
387
Heat degradation 388 Incubation of RNA at 90°C had a strong and rapid impact on its integrity with a drop in the 389 RIN from 7.5 to 4.7 after 10min. At this point, the band corresponding to 23S rRNA had 390 almost completely disappeared. Further exposure resulted in more pronounced degradation 391 with accumulation of short RNA fragments and a RIN around 2 for both 45min and 90min 392 exposure ( Fig. 2A & 1A) . One-way ANOVA revealed significant difference between all time-393 points, except 45 and 90min. A low and non-significant decrease in both R amp indexes was 394 observed (-0.07 for 380/120 and -0.11 for 380/170) between 0min and 10min ( Fig. 2C ). This 395 would tend to indicate that the R amp was less sensitive than the RIN for monitoring RNA degradation by heat. However, interestingly the increase in Ct was also not significant for 397 both amoA and 16S rRNA between 0 and 10min ( Fig. 2B) , showing that the R amp reflected the 398 outcome of the RT-Q-PCR assays better than the RIN. Further exposure to heat induced a 399 more pronounced decrease in both R amp (≈ -0.4 for 380/120 and ≈ -0.3 for 380/170) at 45min 400 compared to 0min. Both R amp indexes reached values around 0.15 at 90min, which mapped 401 well the behaviour of amoA, with a sharp increase in the Ct for this transcript between 10 and 402 45min (≈4cts) and between 45 and 90min (another ≈4cts). The 16S rRNA transcript was also 403 affected but to a smaller extent (increase in Ct of only ≈3ct between 0 and 90min). Yet, in this 404 case too, the increase was quite low between 0 and 10min and sharper between 10-45min and 405 45-90min. 0min to 20 at 90min, showing that this assay/transcript was less sensitive to UV degradation.
416
The behaviour of the R amp , again, mapped well onto amoA behaviour with a decrease of ≈0.2 417 after 10min exposure for both indexes (though this was not significant) ( Fig. 3C) ; For comparison, RIN values were also plotted. ; For comparison, RIN values were also plotted. ; For comparison, RIN values were also plotted. Table 1 List of primers used in this study. 
